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DESCRIPTION 



POWER GENERATION SYSTEM AND CONTROL METHOD THEREOF 



The present invention relates to a control method 
of a power generation system for generating electric 
power by converting dynamic energy such as wind power 
or water power into rotational energy, in which a 
generator can be operated with the maximum efficiency. 



As an example of a conventional power generation 
system, a structure of a conventional wind-power 
generation system is shown in Fig. 1. The conventional 
wind-power generation system includes a windmilll, a 
gear / coupl ing 2 for changing and delivering a shaft speed 
of the windmilll, a generator 3, a power converter 4, 
a power controller 95, and a speed sensor 8, and supplies 
the generated power to a load 6. 

Next, operations of the conventional wind-power 
generation system are described. The wind energy 
obtained from the rotation of the windmill 1 is subjected 
to the change of the shaft speed by the gear / coupl ing 
2 and then is delivered to the generator. The generator 
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3 converts the wind energy into electric energy. The 
electric energy obtained by the generator 3 is controlled 
by the power converter 4 and then is delivered to the 
load 6. The power controller 95 receives information of 
the shaft speed of the windmill 1 from the speed sensor 
8 and controls the power converter 4. An AC generator 
such as an induced generator and an IPM (Interior 
Permanent Magnet) generator can be used as the generator 
3, in addition to a synchronous generator. 

In such a wind-power generation system, the 
obtained power is affected by a wind speed. The wind 
speed is not constant but always changes. As a result, 
in such a wind-power generation system, it is necessary 
for enhancing generation efficiency to operate the 
generator 3 at the optimum shaft speed calculated in 
accordance with the wind speed. Specifically, constant 
shaft-speed control in which the shaft speed of the 
generator 3 does not change in accordance with the wind 
speed or variable shaft-speed control in which the energy 
efficiency, that is, the generation efficiency, is 
enhanced by changing the shaft speed of the generator 
3 in accordance with the wind speed is performed by the 
power controller 95. 

Since it is necessary for performing the constant 
shaft-speed control or the variable shaft-speed control 
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to detect the speed of a shaft, the speed sensor 8 such 
as an encoder for detecting the shaft speed is used in 
the conventional wind-power generation system. For 
example, a wind-power generation system employing an 
encoder for detecting the shaft speed of the windmill 
is disclosed in Japanese Unexamined Patent Application 
Publication No. 2002-84797. 

However, in the conventional wind-power generation 
system provided with the speed sensor 8 such as an encoder 
for detecting the shaft speed of the windmill, it is 
necessary to provide a wire from the speed sensor 8 to 
the power controller 95. As a result, when the distance 
from the speed sensor 8 to the power controller 95 is 
increased, the wire should be elongated, thereby causing 
a problem with deterioration in reliability due to 
disconnection of the wire, etc. In addition, since the 
speed sensor is always rotated during rotation of the 
windmill, the lifetime of the speed sensor per se causes 
the problem with deterioration in reliability. The 
installation of the speed sensor also causes a problem 
with increase in cost. 

Although the wind-power generation system 
employing the windmill as a turbine has been described 
here, the same problems may be caused in power generation 
systems for generating electric power by converting 
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dynamic energy into rotational energy using a turbine 
other than the windmill. 

DISCLOSURE OF THE INVENTION 
An object of the present invention is to provide 
a power generation system and a control method thereof, 
in which it is possible to accomplish high reliability, 
simplification of circuits, and reduction of cost by 
acquiring speed information from a generator without 
using a speed sensor for detecting a shaft speed of a 
turbine. Another object of the present invention is to 
realize high-efficiency operation without using means 
for detecting an energy quantity of a dynamic power source, 
such as a wind speed sensor. 

In order to accomplish the above-mentioned objects, 
according to an aspect of the present invention, there 
is provided a power generation system having a turbine 
for converting dynamic energy into rotational energy, 
a generator for converting the rotational energy of the 
turbine into electric energy, a power controller for 
performing power control of the electric energy obtained 
by the generator, and a power converter for controlling 
input power and output power in accordance with an 
instruction from the power controller, wherein the power 
controller includes: a three-two phase converter for 
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calculating a two-phase current and a two-phase voltage 
by converting an output voltage and an output current 
of the generator into a stationary d-q coordinate system; 
a generator output calculator for calculating an output 
of the generator from the two-phase current and the 
two-phase voltage calculated by the three-two phase 
converter; an induced voltage detector for detecting an 
induced voltage from the two-phase current and the 
two-phase voltage calculated by the three-two phase 
converter; a phase detector for detecting a phase of the 
induced voltage from the induced voltage detected by the 
induced voltage detector; a differentiator for 
calculating a rotational speed of the induced voltage 
by differentiating the phase of the induced voltage 
detected by the phase detector and estimating a shaft 
speed of the generator; and a turbine output calculator 
for calculating an output of the turbine by using the 
estimated shaft speed value estimated by the 
differentiator and the output of the generator calculated 
by the generator output calculator. 

According to another aspect of the present 
invention, there is provided a power generation system 
having a turbine for converting dynamic energy into 
rotational energy, a generator for converting the 
rotational energy of the turbine into electric energy, 
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a power controller for performing power control of the 
electric energy obtained by the generator, and a power 
converter for controlling input power and output power 
in accordance with an instruction from the power 
controller, wherein the power controller includes: a 
three-two phase converter for calculating a two-phase 
current and a two-phase voltage by converting an output 
voltage and an output current of the generator into a 
stationary d-q coordinate system; a generator output 
calculator for calculating an output of the generator 
from the two-phase current and the two-phase voltage 
calculated by the three-two phase converter; a rotor 
magnetic- flux detector for detecting rotor magnetic flux 
from the two-phase current and the two-phase voltage 
calculated by the three-two phase converter; a phase 
detector for detecting a phase of the rotor magnetic flux 
from the rotor magnetic flux detected by the rotor 
magne t ic- f lux detector; a differentiator for 
calculating a rotational speed of the rotor magnetic flux 
by differentiating the phase of the rotor magnetic flux 
detected by the phase detector and estimating a shaft 
speed of the generator; and a turbine output calculator 
for calculating an output of the turbine by using the 
estimated shaft speed value estimated by the 
differentiator and the output of the generator calculated 



by the generator output calculator. 

According to the present invention, since the 
induced voltage or the rotor magnetic flux is calculated 
from the output voltage and the output current of the 
generator, the shaft speed of the generator is estimated 
from the phase of the induced voltage or the phase of 
the rotor magnetic flux, and the output of the turbine 
is calculated from the estimated shaft speed value and 
the output of the generator, it is possible to calculate 
the output of the turbine without using a speed sensor 
for detecting the shaft speed of the generator and thus 
to accomplish simplification of circuits, reduction in 
cost, and high reliability. 

In the power generation system according to the 
present invention, the power controller may further 
include a turbine torque estimator for calculating a 
torque of the turbine from the output of the turbine 
calculated by the turbine output calculator and the 
estimated shaft speed value; and a maximum-efficiency 
operation controller for calculating a' shaft speed 
instruction value from the torque of the turbine 
calculated by the turbine torque estimator. 

According to the present invention, since the power 
input to the generator and the torque of the turbine are 
calculated from the output of the turbine and the 
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estimated shaft speed value, the shaft speed instruction 
with which the efficiency of the generator becomes the 
maximum is calculated using the calculated torque of the 
turbine, the estimated shaft speed value, and the output 
coefficient of the turbine, and the shaft speed of the 
generator is controlled to correspond to the shaft speed 
instruction, it is possible to always perform the 
operation with the maximum efficiency of the input 
energy . 

In addition, the maximum-efficiency operation 
controller may include: a torque variation calculator 
for sampling the torque of the turbine calculated by the 
turbine torque estimator at constant time intervals and 
calculating (T tU r (n) -T tU r (n-1 ) ) /t s to calculate the 
torque variation AT t ur ( n ) / t s / where a current torque of 
the turbine is T tU r(n), a previous torque of the turbine 
is Ttur(n-l), and the torque variation is t s ; an 
output-coefficient differential equation calculator for 
calculating a solution of a relational expression of an 
output coefficient determined depending upon 
characteristics of the turbine and the torque variation 
AT t ur(n)/t s ; and a generation rate instruction unit for 
calculating the shaft speed instruction value on the 
basis of the solution obtained by the output-coefficient 
differential equation calculator. 
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In the power generation system according to the 
present invention, the power controller may further 
include: a micro correction controller having an output 
variation calculator for sampling the output of the 
turbine calculated by the turbine output calculator at 
constant time intervals and calculating a difference 
AP(n) between a current output of the turbine P tU r (n) and 
a previous output of the turbine P tU r(n-l) , a proportional 
gain mult iplier for calculating amicro speed instruction 
value by multiplying the difference AP(n) calculated by 
the output variation calculator by a proportional gain, 
and a limiter for limiting the absolute value of the micro 
speed instruction value calculated by the proportional 
gain multiplier to a predetermined limitation value; and 
an adder for adding the micro speed instruction value 
calculated by the micro correction controller to the 
shaft speed instruction value calculated by the 
maximum-efficiency operation controller and outputting 
the added value as a new shaft speed instruction value. 

According to the present invention, since the micro 
speed instruction is calculated from the output variation 
of the turbine and is added to the speed instruction, 
it is possible to obtain both the fast transient response 
characteristic and the stable micro adjustment and it 
is thus possible to always obtain the maximum efficiency 
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when design values and actual values are different from 
each other. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a block diagram illustrating a 
construction of a conventional wind-power generation 
sys tern . 

Fig. 2 is a graph illustrating relations of an 
output coefficient and a speed ratio. 

Fig. 3 is a graph illustrating relations of an 
output of a windmill, a shaft speed of a generator, and 
a wind speed. 

Fig. 4 is a block diagram illustrating a 
construction of a wind-power generation system according 
to an embodiment of the present invention. 

Fig. 5 is a block diagram illustrating constituent 
elements for performing a function of calculating a shaft 
speed instruction W* gen for carrying out 
maximum-efficiency operation control from a current 
value and a voltage value of a generator 3 in a power 
controller 5 shown in Fig. 4. 

Fig. 6 is a block diagram illustrating an example 
of a construction of a generator shaft-speed calculator 
in Fig . 5 . 

Fig. 7 is a block diagram illustrating another 
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example of the construction of the generator sha ft- speed 
calculator 901 in Fig. 5. 

Fig. 8 is a block diagram illustrating a 
construction of a transient response controller 903 in 
Fig. 5. 

Fig. 9 is a block diagram illustrating a 
construction of a maximum-efficiency operation 
controller 603 in Fig. 8. 

Fig. 10 is a block diagram illustrating a 
construction of a micro correction controller 904 in Fig. 
5 . 

BEST MODE FOR CARRYING OUT THE INVENTION 
Next, embodiments of the present invention will be 
described in detail with reference to the attached 
drawings . 

First, a relation of a wind speed and a shaft speed 
for maximizing efficiency of a generator in the present 
invention will be described. 

<Output Characteristic of General Windmill> 

The output Ptur of a windmill can be generally 
expressed by Equation 1 described below. 

Ptur ~ C p ksys V wind ( 1 ) 

In Equation 1, the windmill constant k sys is a 
constant determined from the area of windmill fliers and 
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the air density, but not a parameter which suddenly varies 
at the time of control . The wind speed V wind is a parameter 
which cannot be controlled. The circumferential speed 
ratio X of the wind speed V wind and the shaft speed W gen 
can be expressed by Equation 2 described below using the 
gear ratio k c of a generator and a windmill and the radius 
R v of the windmill. 



W 

A = R v kcT7 J ...(2) 



gen 



wind 

The dynamic power coefficient C p is a parameter 
which can vary by the circumferential speed ratio X as 
shown in Fig. 2. Accordingly, since the dynamic power 
coefficient C p becomes the maximum value C p (max) by 
controlling X during power generation to maintain the 
maximum-efficiency speed ratio A, op , the system can be 
operated with the maximum efficiency. Xop is a constant 
determined from design of the windmill. In order to 
maintain the maximum efficiency operation, the shaft 
speed instruction W* gen of the generator is obtained and 
output from Equation 3 described below. 



W = 

rr gen 



f ^ ^ 

/w op 



V 



wind ... { 3 ) 



In Equation 3, X op , R v , and k c can be known since they 
are parts of the designed values of the windmill, but 



12 



the wind speed V win d is an unknown value. Accordingly, 
an instantaneous value of the wind speed V wind is necessary 
for performing the maximum efficiency operation. 

The power P ge n of the generator can be expressed as 
shown in Equation 4 described below using the shaft speed 
Wgen of the generator and the torque T gen of the generator. 

JL gen rr gen J- gen 

Alternatively, the power P gen of the generator may 
be calculated by Equation 5 using a two-phase voltage 
and a two-phase current in a stationery d-q coordinate 
system of the generator. 

p am =\b r +i+ + v t .ij •< 5 > 

The loss Pioss of the windmill system consists of 
an electrical loss and a mechanical loss . The electrical 
loss is obtained by multiplying the generator power P ge n 
by an electrical loss constant ki which is determined by 
means of an equivalent resistance of the generator and 
a switching frequency of a power semiconductor in an 
inverter for controlling the generator. The mechanical 
loss is obtained by multiplying the square of the 
generator shaft speed W gen 2 by a mechanical friction 
constant B sys . The loss Pi oss of the windmill system is 
obtained as shown in Equation 6 described below by adding 
the mechanical loss to the electrical loss. 
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P>oss=KP ge +BJV\ en -(6) 

The output of the windmill P t ur is obtained from 
Equation 7 described below by adding the output loss Pi oss 
to the obtained generator power P ge n- 

The wind speed can be obtained from the obtained 
output of the windmill P tU r/ the generator shaft speed, 
and the windmill data. In the present invention, using 
the estimated shaft speed 

w gen 

As the generator shaft speed, the output of the windmill 
Ptur is obtained. 

<Maximum Output Point of Windmill> 

In general, the maximum output point exists between 
the shaft speed of the generator and the wind speed. For 
example, as shown in Fig. 3, when the generator shaft 
speed Wgen is Wr (A) and the wind speed V wind is Vwl, the 
maximum output point of the windmill is P tU r (A) . When the 
generator shaft speed W gen is Wr (B) and the wind speed 
Vwind is Vw2, the maximum output point of the windmill 
is P tur (B) . 

<Principle of Transient Response Control> 

Next, a principle of transient response control 

will be described. 

In general, the torque T tur of a windmill can be 
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expressed by Equation 8 described below. 

T -= P "/k.w,„ 

In the construction having a function of 
controlling a speed such that the generator shaft speed 
follow the generator shaft speed instruction, when the 
shaft speed instruction is constant, the differential 
value of torque to time can be expressed by Equation 9 
described below. 



^=—pr 5 w 2 - 

dt 2fc c gen dt 



r \ 
Cj, 

, 3 

J 



- ( 9 ) 



u 

In Equation 9, p denotes an air density. When the 
control period t s of the speed controller is small, 
Equation 9 can be expressed by Equation 10 described below 
using the torque variation AT tur which is the output of 
the speed controller. 
C \ 



d_ 
dt 



C 



p 



Kc ljM1L ...(10) 



In general, the output coefficient C p of the 
windmill is an m-th order polynomial of X and can be 
expressed by Equation 11. 

cM) = c 0 +c^+c 2 Jl 2 + ---+c m X n -(") 

C 0 to C n of Equation 11 are known constants 
determined through the design of the windmill. By 
inserting C P (X) of Equation 11 into Equation 10 and 
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arranging Equation 10, Equation 12 described below can 
be obtained . 



ClX c ' x c ~ A h ^EwZ~ ... (12) 

Here, by replacing X-l with x and arranging Equation 
12, Equation 13 can be obtained. 



3 C 0 X + 2 C, X + 



2 L i *tS 
f 2 *pRlW 2 sen t. j 



Cm dt ^ ' 



... (13) 

When the solution of Equation 13 is 
x , 

the wind speed can be estimated as shown as Equation 14 
described below. 

V^ = R v k c W g J -< 14 > 

Finally, by using the estimated shaft speed value 
w gen 

instead of the generator shaft speed, the shaft speed 
instruction of the generator can be expressed by Equation 
15 . 

W' ti = X P W s J -(») 

Therefore, on the basis of the output coefficient 
C p of the windmill and the shaft speed and torque of the 
generator, the solution of the differential equations 
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indicated by Equations 10 to 15 can be obtained, thereby 
calculating the shaft speed instruction W* gi of the 
generator . 

<Principle of Micro Correction Control> 

In the above-mentioned description, it has been 
explained to detect the wind speed from the torque 
variation, to calculate the shaft speed instruction, and 
to control the generation efficiency. Next, a principle 
of the micro correction control method for enhancing the 
accuracy of the efficient operation control without 
variation of constants in the wind-power generation 
system such as an error of the dynamic power coefficient 
C p will be described with reference to Fig. 3. 

Initially, it is supposed that the windmill is 
operated at the point A in Fig. 3. Since the shaft speed 
instruction is yet constant even when the wind speed 
changes from Vwl to Vw2, the shaft speed does not change 
from Wr (A) and only the torque changes, so that the 
operation point shifts from A to al . In Equations 11 to 
15, the transient response control is carried out by 
determining the change of the wind speed from the change 
of the torque and outputting the shaft speed instruction 
W* g i of the generator. However, even when the shaft speed 
of the generator follows the shaft speed instruction Vl* gl , 
the actual operation point a2 may not correspond to the 
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new maximum-efficiency operation point B because of 
variation and error of the constants of the power 
generation system. In order to solve this problem, the 
micro correction control is performed in the present 
invention. Supposed that the current detected power is 
Ptur(n) and the previous detected power is Ptur(n-l), 
Equation 16 described below is obtained. 

^ > (»)=p^(»)-p„,("-D 

...(16) 

Here, k pw is a proportional gain. In order to limit 
the maximum value of the corrected value, the absolute 
value of AW*i (n) is limited to a value less than or equal 
to a limitation value 

as expressed by Equation 17 described below. The micro 
correction control can be carried out by the correction 
of the generator shaft speed. 

else bW\ = *W\<P) 

... (17) 

Consequently, the generator shaft speed 
instruction can be expressed by Equation 18. 
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<Speed Estimation Methoci> 

Next, a principle of a shaft speed estimation method 
will be described. 

By transforming the detected output current value 
of the generator 

/ > / 

JL u JL w 

and the detected phase voltage of the generator obtained 
from direct detection of the three-phase output voltage 
or the voltage instruction value 

into the stationery d-q coordinate system established 
at a position of a stator from the three-phase coordinate 
system, the two-phase current 

L I 

■L ds -L qs 

is obtained from Equation 19 described below, and the 
two-phase voltage 

v«>v qs 

is obtained from Equation 20 described below. Here, C 0 
is a constant. 



I qs 
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<Embodiment 1 of Speed Est imat ion> 

The induced voltage of a permanent magnet type 
synchronous generator can be obtained from Equation 21 
described below. 



Here, R ds and R qs denote equivalent resistances of 
the stator sides in the d axis and the q axis, p denotes 
a differentiator, and L ds and L qs denote inductances of 
the d axis and the q axis. In general, the induced 
voltages Eds and E qs of the d axis and the q axis in a 
three-phase symmetric AC generator have features 
expressed in Equation 22 described below. 



Here, K e is a voltage coefficient determined from 
the rated voltage of the generator, W e is an electrical 
angular speed of the generator, and 9 e is a phase of the 
induced voltage . Accordingly, the estimated phase value 
of the induced voltage of the generator can be obtained 
from Equation 23 described below. 



.-(21) 



E v = KeWe COS 0. 



-(22) 




) 
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...(23) 

The shaft speed of the generator can be obtained 
from Equation 24 described below by differentiating the 
estimated phase value of magnetic flux. 

- 2 d Q* 

W gen p 0 l e dt 

...(24) 

Here, pole is the number of poles of the generator. 
<Embodiment 2 of Speed Estimation> 

In the permanent magnet type synchronous generator, 
the magnetic flux of the rotor side in the stationery 
d-q coordinate system can be obtained from Equation 25 
described below. 



vHRr+PLjiJ (25) 

In general, the rotor magnetic fluxes Od and <X>q of 
the three-phase symmetric AC generator have features 
shown in Equation 26. 

(J> d = A:* sin 6* 

4 = £.cos^ (26) 

Here, k<j> is a magnetic flux coefficient and 9* is 
a phase of the magnetic flux. Accordingly, the estimated 
phase value of the magnetic flux of the generator can 
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be obtained from Equation 27 described below. 




The shaft speed of the generator can be obtained 
from Equation 28 described below by differentiating the 
estimated phase value of the magnetic flux. 

~ 2 d Q^ 

W &n ~ p 0 l e dt 

...(28) 

Next, a specific construction of a power generation 
system according to an embodiment of the present 
invention is shown in Fig. 4, which embodies the control 
method described above . 

Fig. 4 illustrates an embodiment in which the 
present invention is applied to a wind-power generation 
system. In Fig. 4, the same elements as those of Fig. 
1 are denoted by the same reference numerals and 
descriptions thereof will be omitted. 

The wind-power generation system according to the 
present embodiment has a construction that the speed 
sensor 8 for detecting the shaft speed is removed from 
the conventional wind-power generation system shown in 
Fig. 1 and the power controller 95 thereof is replaced 
with a power controller 5. The power controller 5 in the 
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present embodiment has a function of controlling the 
power and the shaft speed of a generator and a generator 
shaft-speed estimation function of detecting a current 
value and a voltage value of the generator and estimating 
the shaft speed of the generator on the basis of the 
current value and the voltage value. 

In the power controller 5 shown in Fig. 4, the 
constituent section for performing the function of 
obtaining a shaft speed instruction W* gen for giving the 
maximum-efficiency operation control from the current 
value and the voltage value of the generator is 
illustrated in Fig. 5. 

As shown in Fig. 5, the function of giving the 
maximum-efficiency operation control is performed by a 
three-two phase converter 906, a generator shaft-speed 
calculator 901, a generator output calculator 902, a 
transient response controller 903, a micro correction 
controller 904, and an adder 905. 

The three-two phase converter 906 converts the 
output voltage and the output current of the generator 
3 into a stationery d-q coordinate system and calculates 
a two-phase current 

Ids'Igs 

and a two-phase voltage 

v*>v v 

23 



by using Equations 19 and 20 described above. 

The generator output calculator 902 calculates the 
output Pgen of the generator 3 from the two-phase current 
and the two-phase voltage calculated by the three-two 
phase converter 90 6 . 

Next, an example of a specific construction of the 
generator shaft-speed calculator 901 is shown in Fig. 
6. In the example shown in Fig. 6, the generator 
shaft-speed calculator 901 includes an induced voltage 
detector 402, a phase detector 403, and a differentiator 
404. This example corresponds to Embodiment 1 of the 
speed estimation described above. 

The induced voltage detector 402 detects the 

induced voltage 
/\ /\ 

Eds'Eqs 

from the two-phase current and the two-phase voltage from 
the three-two phase converter 906 by using Equation 21 
described above. 

The phase detector 403 detects the phase of the 
induced voltage 

e. 

from the induced voltage detected by the induced voltage 
detector 402 using Equation 23 described above. 

The differentiator 404 calculates the estimated 
shaft speed value which is the rotational speed of the 
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induced voltage, that is, the estimated shaft speed value 
of the generator 3 by differentiating the estimated phase 
value of the induced voltage detected by the phase 
detector using Equation 24 described above. 

Another example of the specific construction of the 
generator shaft-speed calculator 901 shown in Fig. 5 is 
illustrated in Fig. 7. In the example shown in Fig. 7, 
the generator shaft-speed calculator 901 includes a rotor 
magnetic-flux detector 502, a phase detector 503, and 
a differentiator 504. This example corresponds to 
Embodiment 2 of speed estimation described above. 

The rotor magnet ic- flux detector 502 detects the 
rotor magnetic flux 

from the two-phase current 

Ids'Iqs 

and the two-phase voltage 

v*-v m 

which are converted into the stationery d-q coordinate 
system by the three-two phase converter 906 shown in Fig. 
5 using Equation 25 described above. 

The phase detector 503 detects the phase of the 
rotor magnetic flux 

from the rotor magnetic flux detected by the rotor 
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magnetic-flux detector 502. 

The differentiator 504 calculates the estimated 
rotational speed of the rotor magnetic flux, that is, 
the estimated shaft speed of the generator 3, from the 
phase of the rotor magnetic flux detected by the phase 
detector 503 using Equation 28 described above. 

Next, a specific construction of the transient 
response controller 903 of Fig. 5 is illustrated in Fig. 
8. As shown in Fig. 8, the transient response controller 
903 includes a windmill output calculator 601, a windmill 
torque estimator 602, and a maximum-efficiency operation 
controller 603. 

The windmill output calculator 601 serves as a 
turbine output calculator, and calculates the windmill 
output P t ur from Equation 7 using the estimated shaft speed 
value of the generator 3 

w 

f ¥ gen 

calculated by the generator shaft-speed calculator 901 
shown in Fig. 6 or 7 and the generator output P ge n 
calculated by the generator output calculator 902. 

The windmill torque estimator 602 serves as a 
turbine torque estimator, and calculates the windmill 
torque T tU r from Equation 8 using the windmill output P tU r 
calculated by the windmill output calculator 601 and the 
estimated shaft speed value 
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calculated by the generator shaft-speed calculator 901. 

The maximum-efficiency operation controller 603 
calculates the shaft speed instruction value W* gl from 
the windmill torque T tU r calculated by the windmill torque 
estimator 602. A specific construction of the 

maximum-efficiency operation controller 603 is 
illustrated in Fig. 9. The maximum-efficiency operation 
controller 603 includes a windmill-torque variation 
calculator 701, an output-coefficient differential 
equation calculator 702, and a generation rate 
instruction unit 703, as shown in Fig. 9. 

The maximum-efficiency operation controller 603 
samples the windmill torque T tU r at constant time 
intervals and performs the calculations. Here, it is 
supposed that the sampling interval is denoted by t s , the 
torque at the time of the current sampling is denoted 
by Ttur(n), and the torque at the time of the previous 
sampling is denoted by T t ur(n-1) . 

The windmill-torque variation calculator 701 
obtains the torque variation AT tU r(n)/t s by calculating 
(Ttur(n)- Ttur (n-1 ) ) /t s . The output-coefficient 

differential equation calculator 702 calculates the 
solution of a relational expression of the output 
coefficient C p (X)in Equation 13 determined depending 
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upon characteristics of the windmill and AT tU r(n), and 
the generation rate instruction unit 703 calculates the 
shaft-speed instruction value W* gl from Equation 15. 

Next, a specific construction of the micro 
correction controller 904 of Fig. 5 is illustrated in 
Fig. 10. The micro correction controller 904 includes 
an output variation calculator 801, a proportional gain 
multiplier 802, and a limiter 803, as shown in Fig. 10. 

The output variation calculator 801 samples the 
windmill output P tU r calculated by the windmill output 
calculator 601 at constant time intervals, and calculates 
a difference AP(n) between the current windmill output 
P tur (n) and the previous windmill output P tU r(n-l) using 
the upside equation in Equation 16. The proportional 
gain multiplier 802 outputs a micro speed instruction 
value AW* c (n) obtained by limiting the absolute value of 
a micro speed instruction value AW*i (n) to a limitation 
value 

by multiplying the proportional gain k pw by AP (n) 
calculated by the output variation calculator 801 using 
the downside equation in Equation 16. 

The adder 905 outputs a new shaft speed value W* gen 
by adding the micro speed instruction AW* C limited by the 
limiter 803 of the micro correction controller 904 to 
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the shaft speed instruction value W* gl calculated by the 
maximum-efficiency operation controller 603* of the 
transient response controller 903. 

According to the power generation system of the 
present embodiment, since the micro speed instruction 
AW* C is calculated from the variation of the windmill 
output P t ur and is added to the shaft speed instruction 
W* g i, it is possible to calculate the shaft speed 
instruction W* gen which can obtain both of the fast 
transient response characteristic and the stable micro 
adjustment and it is thus possible to always obtain the 
maximum efficiency when the design values and the actual 
values are different from each other. 

According to the power generation system of the 
present embodiment, since the power input to the 
generator and the windmill torque are calculated from 
the windmill output and the estimated shaft speed value, 
the shaft speed instruction with which the generator 
efficiency becomes the maximum is calculated using the 
calculated windmill torque, the estimated shaft speed 
value, and the windmill output coefficient, and it is 
controlled such that the shaft speed of the generator 
is equal to the shaft speed instruction, it is possible 
to always perform the operation with the maximum 
efficiency for input energy. 
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According to the wind-power generation system and 
the control method of the present embodiment, it is 
possible to enhance the efficiency of the generator 3 
and in addition to control the power with external dynamic 
power without using the speed sensor and the wind speed 
sensor of the generator 3 which is usually expensive, 
thereby obtaining the simplification of circuits, the 
reduction in cost, and the high reliability. 

In the present embodiment, although it has been 
described that the present invention has been applied 
to the wind-power generation system for generating 
electric power using wind power, the present invention 
is not limited to this, but may be applied to a system 
in which the turbine and the fluid converting the dynamic 
energy into the rotational energy have the relation shown 
in Fig. 3, for example, a water-power generation system, 
and the like. 



30 



